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0 Direct conversion receiver with dithering local carrier frequency lor detecting transnrtltted carrier 
frequency. 



@ An FSK receiver includes first and second chan- 
nel patlis to which the received FSK signals are 
applied. Each channel path includes a mixer circuit, 
a low-pass filter connected to the mixer circuit, and a 
limiting amplifier connected to the low-pass filter. A 
voltage-controlled oscillator generates a local carrier 
and a phase shifter applies its output to the mixer 
circuits with a 90* phase difference therebetween. A 
frequency detector is coupled to one of the limiting 
amplifiers for generating a signal representative of 
the deviation frequency of the received FSK signal. 



An average circuit detects an average value of the 
signal. A comparator circuit detects whether the fre- 
quency representative signal lies in or outside of the 
neightwrhood of the average value. A ramp voltage 
of constant amplitude is periodically generated if the 
signal is detected as lying outside of the neighbor- 
hood and maintained at an instantaneous value if the 
signal is detected as lying in the neighborhood. The 
voltage-controlled oscillator is responsive to the 
ramp generator to control the frequency of the local 
carrier in search of the transmitted carrier frequency. 



FIG. 1 




UMITER 



4. -U^ 



I 90* \ * 1 VCXO I *— I AK 



10, 



LPF 




LIMPTER 





CK 



1± 



13> 



U»F 



THRESHOLD 
DECISION 

crncurr 



Xerox Copy Centre 



1 



EP0 394 064 A2' 



2- 



Direct Conversfon Receiver With Dithering Locai Carrier Frequency For Detecting Transmitted Carrier 

Frequency 



BACKGROUND OF THE INVENTION 



The present invention relates to a direct con- 
version receiver in which the radio frequency, is 
directly converted to a baseband signal. 

(n a conventional superheterodyne , receiver, 
high frequency and intermediate-frequency filters 
both of high-selectivity type are required to remove 
image frequencies. To achieve small si^e and low 
assembly cost, direct frequency conversion tech- 
nique has been employed in a homodyne receiver 
in which the radio frequency of the received signal 
is converted directly to a baseband frequency in a 
manner as shown and described in United States 
Patents 4,193.034 and 4.254.503. With the direct 
conversion receiver, orthogonal, or quadrature local 
carrier frequencies are tuned to the transmitted 
carrier to provide zero intermediate frequency 
(homodyne) and baseband signals are detected by 
mixers as beats in quadrature between the trans- 
mitted carrier and the local carriers in quadrature. 
The outputs of the mixers are passed through low- 
pass filters to remove noise, and fed through limit- 
ing amplifier stages a discriminator. Because of the 
zero intermediate frequency, no need exists to 
remove image frequencies which are present in 
conventional superheterodyne receivers in which 
high-selectivity filters are used in the high-frequen- 
cy and intermediate frequency amplifiers. Another 
advantage of the zero intermediate frequency is 
that the channel filter for attenuating signals from 
adjacent channels can fc>e implemented with low-, 
frequency active filters on integrated circuits. 

However, one disadvantage is that the band- 
width in which acceptable level of sensitivity can 
be obtained is narrow. Since the amount of in- 
formation contained in a single bit, Eb. is given by 
Eb = 2 X Fq/Br. (where Fp is maximum frequency 
deviation as a modulating digital signal varies be- 
tween a mark and a space, and Br represents the 
transmission speed), and the beat frequency F© is 
represented by Fb = (Fc ± Fq) - ft (where. Fc and 
Fl are the transmitted carrier frequency and the 
local carrier frequency, respectively). If there is no 
difference between Fc and Ft. then the beat fre- 
quency Fb is equal to the maximum frequency 
deviation Fd and the marks and spaces have equal 
values for information quantity Eb- However, if there, 
is a frequency offset AF between the transmitted 
and local carriers due to tuning errors, beat fre- 
quency Fb is given by Fb = ± Fo - AF. Therefore, 
beat frequency Fb varies between Fd - AF for a. 
"mark" and Fo + AF for a "space." This implies 



that information quantity Ee is less for "marks" 
than for "spaces", and hence, a low signal to noise 
ratio. 



SUMMARY OF THE INVENTION 



It is therefore an object of the present invention 
70 to provide an orthogonal detection receiver having 
a wide range of iacceptable sensitivity. 

This object is obtained by fluctuating the local 
carrier frequency in search of the transmitted car- 
rier frequency whether the deviation frequency of 
15 the received signal (or the frequency of the 
basetjand signals) lies outside of a predetermined 
range arid holding the local carrier frequency if the 
deviation frequency lies within the predetermined 
. range. 

20 According to the present invention, there is 

provided a receiver for receiving a digitally modu- 
lated radio signal and including a voltage-controlled 
crystal oscillator nominally running at the transmit- 
ted frequency, a mixer circuit for directly convert- 

25 ing the frequency of the received signal to a 
baseband frequency, A low-pass filter is connected 
to the mixer circuit, and a limiting amplifier is 
connected to' the low-pass filter. A frequency de- 
tector is coupled to the limiting amplifier for gen- 

30 erating a signal representative of the deviation fre- 
quency of the received signal. An average circuit 
detects ah average value of the signal and supplies 
, it to a comparator circuit for detecting whether the 
frequency representative signal lies in or outside of 

35 the neighborhood of the average value. A ramp 
generator is provided for periodically generating a 
ramp voltage df constant amplitude if the signal is 
detected as tying outside of the neighborhood and 
holding the ramp voltage at an instantaneous value 

40 if the signal is detected as lying in the neighbor- 
hood. The voltage-controlled crystal oscillator is 
responsive to an output voltage of the ramp gener- 
ator to control the frequency of the local carrier. 
Preferably the receiver includes a phase-locked 

45 loop for controlling the voltage-controlled crystal 
oscillator- The phase-locked loop comprises a sec- 
ond voltage-controlled oscillator of LC network 
which is responsive to the output voltage of the 
ramp generator. First and second variable frequen- 

50 cy dividers are connected respectively to the out- 
puts of the first voltage-controlied crystal oscillator 
and the second vojtage-voltage controlled oscilla- 
tor. A phase detector detects a phase difference 
between the output signals of the first and second 
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variable frequency dividers. A low-pass filter ap- 
plies a filtered output of the phase detector to the 
second voltage-controlled oscillator. The dividing 
factors of the first and second variable frequency 
dividers are established by a digital control signal. s 
This eliminates the need for keeping many different 
types of crystal resonators for assembly and main- 
tenance purposes. 

In addition, power savings can be obtained but 
cutting off one of the channel paths if the fre- to 
quency representative signal is detected as lying 
outside of the neighborhood of the average value. 

BRIEF DESCRIPTION OF THE DRAWINGS is 

The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 20 

Rg,. 1 is a, block diagram of ah orthogonal 
detection radio receiver according to a first em- 
bodiment of the present invention; 

Rg. 2 is a waveform diagram associated with 
the D-type flip-flop of Rg. 1; 25 

Rg. 3 is a circuit diagram of the AFC circuit 
of R9. .I; , 

Rg. 4 is a waveform diagram associated with 
the circuit of Rg. 3; . 

Rg. 5 is a waveform diagram illustrating rela- so 
tionships between the output of the ramp gener- ; 

atpr. the local carrier and the Q-channel output 

during the hunting and hold modes of the ramp 
generator; 

Rg. 6 is a graph showing the sensitivity 35 
characteristic of the present inventipjni in compari- 
son with those of a conventional superheterodyne 
. receiver and a conventional orthogonal detection 
receiver with no automatic frequency control; 

Fig. 7 is a block diagram of a phase-locked 40, 
loop according to a modified embodiment of the 
invention; 

Rg. 8A is a circuit diagram of the low-pass 
filters of Rg. 1, and Rg. SB is an equivalent circuit 
of the gyrator circuit of Rg., 8A; and 

Rg. 9 is a block diagram of a power saving ' 
r^eiver according to a further embodiment of the 
, present invention. 

50 

DETAILED DESCRIPTION 

Referring now to Rg. 1 . there is shown a radio 
receiver for frequency shift keyed (FSK) signals on ' ss 
an RF carrier. Received radio signals Fc ^ Fd - AF. 
where Fc is a canrier wave frequency, Fq is the 
FSK modulation deviation and AF is the frequency 



offset, are amplified by a high-frequency amplifier 
stage 1 and fed to mixers 2 and 3 to which local 
carriers in quadrature are supplied from a 90* 
phase shifter 4. The output of a voltage-controlled 
crystal oscillator (VCXO) 5 is fed to the shifter 4 
where it is shifted by +45* and -45* to generate 
local carriers in quadrature- The outpus of mixer 
circuits 2 and 3 are fed to low-pass filters 7 and 9» 
respectively. The low-pass filtered signals are then 
fed to high-gain limiting amplifier stages 8 and 10, 
respectively. The output signal A of limiting am- 
plifier stage 8 is fed to the clock input of a digital 
demodulator, or D-type flip-flop 11. as an in-phase 
channel signal, and the output signal B of limiting 
amplifier stage 10 is fed to the D input of the flip- 
flop 11 as a quadrature channel signal- The signal 
B is further fed to an automatic frequency control- 
ler 6 whose output is applied to the local oscillator 
5- 

If the input signal is in the 'mark' condition, i.e.. 
nominally Fo-kHz below the local oscillator fre- 
quency, the outputs of the mixer stages 2 and 3 
will consist of two sine waves at Fd kHz in quadra- 
ture- After the limiting amplifiers 8 and 10. the data 
at the clock and D inputs of flip-flop 1 1 are-tiius Fq- 
kHz square waves in quadrature as shown in part a 
of Fig. 2. If the D-type flip-flop 1 1 is positive-edge 
clocked, then the Q output will be constant logical 
0 condition. If the input signal is in the 'space' 
condition, i.e.. Fo-kHz above the local oscillator 
frequency, the relative phase of the data at tiie flip- 
flop 11 inputs has shifted by 180* as indicated in 
part b of Fig. 2. and the Q output of flip-tiop 11 is 
how a logical 1 . 

The output of D-type flip-flop 11 is passed 
through a low-pass filter 12 to remove noise and 
applied to a threshold decision circuit 13 in which 
any ambiguities between two significant logic levels 
are eliminated. 

In Rg. 3. the AFC circuit 6 generally comprises 
a discriminator 20. a low-pass filter 21. an average 
circuit 22. an offset circuit 23, a pair of comparators 
24, 25. an AND gate 26 and a ramp generator 27. 
Discriminator 20 is essentially an edge detector 
comprising an exclusive OR gate 30 which re- 
ceives a direct version of the output signal B from 
the output of limiting amplifier stage 10 and a 
delayed version of the signal B via a delay line 31 
with a delay period T. As illustrated in Rg. 4. the 
output of discriminator 20 is in \he form of pulses C 
of duration T which occur at tiie leading edge of 
each output pulse of the signal B. The output 
signal G from discriminator 20 is ' applied to low- 
pass filter 21 which includes an RC network includ- 
ing elements 32-34 through which the input signal 
C is fed to a voltage follower 35. the output of 
which is coupled by a feedback capacitor 36 to a 
junction between resistors 32 and 33. The RC low- 
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pass filter 21 produces a voltage D whose am- 
plitude is representative of the frequency ±Fo - AF 
of the signal B. The output D of the low-pass filter 
22 is then fed to average circuit 22 which is formed 
by a first-order RC integrator comprising a resistor 
37 and a capacitor 38 coupling the resistor 37 to 
ground. The time constant of this RC integrator is 
much greater than the reciprocal of the transmis- 
sion speed Br. The output E of the average circuit 
represents an average value of the frequency of 
signal B over time. Since the frequency of the 
isignal 8 varies between Fq - AF and I-Fq - AFI, 
average circuit 22 removes the offset component 
AF producing an output voltage E representative of 
the delation frequency Fq. The voltage E from 
average circuit 22 is applied through a voltage 
follower 39 of the offset circuit 23 to a junction 
between resistors 41 and 42 which are series- 
connected between constant current sources 40 
and 43 which are. in turn, coupled to a voltage 
source and ground, respectively. The effect of this 
offset circuit is to add to the average voltage E a 
positive offset voltage . +AV to generate a high 
refemece voltage Vh = E + AV at a junction 
between constant current source 40 and resistor 41 
and a negative offset voltage -AF to generate a low 
reference voltage Vt = E - AV at a junction be- 
tween constant current source 43 and resistor 42. 

The high reference voltage Vh is applied te 
jDOsitive input of a comparator 24 for making a 
comparison with the average voltage E and the low 
reference voltage Vu is applied to the negative 
input of a comparator 25 for comparison with the 
average value E. As shown in Rg. 4, comparator 
24 generates a high voltage output Fr when the 
average value E is lower than the reference voltage 
Vh. while comparator 25 produces a high voltage 
output F2 when the average value E is higher than 
the refemece value Vl- The outputs of comparators 
24 and 25 are applied to AND gate 26 to produce 
coincidence pulses G. It is seen from Fig. 4 that 
the output of AND gate 26 is high when the in- 
stantaneous value of signal D lies in the range AV 
on each side of the average value E. Since the ^ 
signal D can be given by K x AF! where K 
(=V/kHz) is the sensitivity of discriminator 20. the 
output of AND gate 26 is high if K x AF is smaller 
than AV. Assume that K = 10 mV/kHz and AV is 
10 mV, a coincidence pulse G is generated when 
AF is lower than 1 kHz. 

Coincidence pulses G are supplied to ramp 
generator 27 as a switching puise. Ramp generator 
27 is constructed of a pair of grounding circuits, or 
switches 44 and 45 which response to the co- 
incidence pulse G by grounding the Q and U 
outputs of an SR latch 46. The outputs of SR latch 
46 are supplied as on-off signals respectively to 
constant cunrent sources 54 and 55 which are 



connected between the voltage source and ground. 
A capacitor 56 is connected to a junction 57 be- 
tween constant current sources 54 and 55. When 
the Q output of SR latch 46 is high, constant 

5 current source 54 charges the capacitor 56 to 
develop a voltage at junction 57. When the Q 
output is high, constant current source 55 presents 
a short-circuit path across tiie capacitor 56 to allow 
it to quickly discharge. A comparator 47 is pro- 

70 vided for making a comparison with the voltage at 
junction 57 with a higher reference voltage Vch 
developed by a reference voltage source compris- 
ing a constant current source 50 and a resistor 51 . 
A comparator 48 compares tlie voltage at junction 

75 57 with a lower reference voltage Vcl developed by 
a circuit formed by a constant current source 52 
and a resistor 53. The outputs of comparators 47 
and 48 are fed to the reset and set inputs of SR 
latch 46. respectively. If the voltage at junction 57 

2G exceeds the higher threshold Vch. SR latch 46 is 
reset and the Q~output goes high to discharge 
capacitor 56. If the voltage at junction 57 drops 
below the lower threshold Vcl. SR latch 46 is set 
and the Q output goes high to switch constant 

25 current source 54 to a low-impedance state, caus- 
ing capacitor 56 to be charged, developing a ramp 
voltage H (see Rg. 5). In the absence of a co- 
incidence puis G, this process is repeated at a rate 
higher than the rate at which the signal is received 

30 so that there is at least one ramp voltage during a 
data bit period: Under this condition the ramp gen- 
erator is said to be in a free running (hunting) 
mode in search of an optimum local carrier fre- 
quency. When a coincidence pulse G is supplied. 

35 constant current sources 54 and 55 are both 
switched to high-impedance state, keeping capaci- 
tor 56 in an open circuit to hold a voltage obtained 
^ at the instant the pulse G is applied. The ramp 
generator under this condition is said to be in a 

40 hold mode to lock the local carrier frequency at the 
optimum frequency. 

The voltage developed by capacitor 56 is sup- 
plied to the control input of VGXO 5. and therefore, 
the local carrier frequency Ft is varied, or 

45 "dithered" between the high and low sides of the 
transmitted carrier frequency Fc as shown in Fig. 5. 
Sines the AFC circuit 6 has no way of determining 
on which side the beat frequency Fe is offset, the 
periodic variation of local carrier frequency Ft has 

so the effect of detecting a point at which the offset 
can be minimized. As a result, the baseband sig- 
nals A and 5 are caused to periodically vary in 
frequency In a manner as shown in Rg. 5. There- 
fore, for each data bit period there is at least one 

55 coincidence pulse G, i.e.. a situation in which the 
difference between the transmitted and local carrier 
frequencies Fc and Ft is reduced to a level below a 
prescribed value. It is seen therefore that, when a 
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coincidence pulse Q is generated, ramp generator 
27 switches to a hold mode and the local carrier 
frequency Fl is controlled with a voltage developed 
across capacitor 56 which is held constant until the 
local carrier frequency again deviates from the 
fransmitted carrier and the signal D goes beyond 
the range of thresholds Vh and Vt. reinitiating a 
search for the transmitted carrier frequency. 

As shown in Fig. 6, the, dithered automatic 
frequency control on VCXO 5 results in an im- 
proved sensitivity which can be comparable with 
the sensitivity attained by superheterodyne receiv- 
ers. Namely, the present invention imprpves the 1- 
dB sensitivity range of the conventional homodyne 
receiver from the current 2-kH2 range to a 6-kHz 
reinge. : , 

\Afliile the homodyne principle is advantageous 
for small volume, the local carrier frequency of 
each radio receiver must be tuned to a particular 
value to which it is assigned, and different types of 
crystal resonators must therefore be prepared for 
inventory confrol for assembly and maintenance 
purposes. 

To reduce the assembly and maintenance 
costs, the output signal of voltage-controlled crystal 
oscillator 5 of Rg. 1 is preferably confroiled in a 
phase-locked loop in a manner as shown in Fig. 7. ^ 
In Rg. 7, the output voltage from AFC circuit 6 is 
applied to the confrol input of voltage-controlled 
crystal oscillator 5. The output of VCXO 5 is ap-. 
plied to a programmable counter, or variable fre- 
quency divider 61 which is preset to an arbitrary , 
value N by a binary control signal supplied from a; 
read-only memory 64 to count the VCXO output 
pulse and divide its frequency by< the. factor N. The 
output of frequency divider 61 is applied to one 
input of a phase detector 62 to the second input of 
which is applied the output of a second variable 
frequency divider 63 which is; also preset to N by, 
the output of ROM 64. The output of phase detec- . ; 
tor 62 is filtered by a low-pass filter ,65 and sup- 
plied to a voltage-controlled oscillator 66 of LC 
(inductor capacitor) network. The output of VCO 66 
is fed to the second frequency divider 63 to divide 
Is frequency by N. The output signal of VCO 66 is 
supplied to phase shifter 4 as a local carrier. 

Since VCXO 5 is driven with a ramp voltage 
when the local carrier generated by VCO 66 goes 
beyond a prescribed range, the frequency of VCXO 
5 is lineariy varied over a predetermined range in 
search of the fransmitted canrier: frequency. This, 
results in a corresponding variation in the output of 
phase detector 62 and drives VCO 66 in such a 
direction that the output of phase detector 62 re- 
duces to zero. Therefore, the local carrier frequen- 
cy supplied to phase shifter 4 varies linearly cor- 
responding to the linear variation of the output of 
VCXO 5. Therefore, if the output of ROM 64 is of 



14-bit wide, the local carrier frequency of each 
receiver can be chosen to correspond to one of 
(2^5 - i) possible frequency values. 

Another disadvantage of the homodyne receiv- 

5 . er is that, since the input signals to low-pass filters 
7 and 9 are the baseband signals which lie in the 
frequency range of several kilohertz. implementa- 
tion of these low-pass filters with an active filter of 
ladder network would require the use of capacitors 

io of few thousands picofarads to. several tens of 
thousands picofarads. Due to the impossibility of 
circuit integration, the capacitors of these sizes with 
the necessary resistors are mounted on a separate 
board and connected by lead wires to a voltage 

76 - follower which is created on an Integrated circuit 
chip as part of the low-pass filter. 

To overcome this disadvantage, each of the 
low-pass filters 7 and 9 comprises a gyrator filter 
as shown in Fig. 8A. The equivalent circuit of the 

20 gyrator filter is shown in Rg, 8B as comprising an 
inductance Li and a capacitance Ci . In Rg, 8A, the 
gyrator filter comprises an input voltage follower 
70. fransconductance amplifier stages 71. 72. 73 
and 74, and an output voltage follbyver 75. Tran- 

25 sconductance amplifier stages 71 - ,74 are biased 
by a biasing circuit 76. The output signal from 
mixer 2 or 3 is fed through input voltage follower 
70 to the noninverting input of fransconductance 
amplifier stage 71 of which the Inverting input is 

30 coupled to biasing circuit 76. The output of fran- 
sconductance amplifier 71 is coupled to the invert- 
ing input of fransconductance amplifier 72 whose 
noninverting input is coupled to the biasing circuit 
76. The output of the second transconductance 

35 amplifier 72 is fed back to the noninverting input of 
the first fransconductance amplifier 71 . In a manner 
similar to the first and second fransconductance 
amplifiers 71 and 72, the output of transconduc- 
tance amplifier 71 is coupled to the. noninverting 

40 input of amplifier 73 whose. output is fed to the 
inverting input of the fourth transconductance am- 
plifier 74. The output of amplifier 74 is fed back to 
the noninverting input of amplifier 73, The output of 
third transconductance amplifier 73 is coupled 

46 through the output voltage follower 75 to the limiter 
8 or 10. The inverting and noninverting inputs of 
amplifiers 73 and 74 are coupled to the biasing 
circuit 76. To simulate the inductance. Li , a capaci- 
tor Cz is connected across the noninverting and 
so inverting inputs of amplifier 73, The capacitor Ci of 
Rg. 8B is connected across the input of voltage 
follower 75 and the biasing potential. 

With the circuit configuration just described, 
the following relations hold: 
55 . loi = G*V, (1) . 
lo2 = G-Vz (2) 
li = G-Vc (3) 
Vc = I/J6,C2 (4) 
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i02 = loi + Ic (5) 

where, 

101 = input current to the noninverting input of 
amplifier 71 ; 

102 - output current from amplifier 74; 
h = output current from amplifier 72; 

Ic = current flowing through capacitor C2; 

G = the transconductance of each of the transcon- 

ductance amplifiers 71 to 74; 

Vi « voltage at the noninverting input of amplifier 

71 : 

V2 = voltage at the input of voltage follower 75; 
and 

Vc = voltage at the output of amplifier 74. 
Substituting Equations (4) and (5) into Equations (1) 
to (3) gives: 

(V, - V2)/I, = jcoC2/G*G (6) 

By letting Li = C2/G * G, Equation (6) can be 

represented as: 

(Vt - V2)/Ii = j«L, (7) 

Therefore, the inductance Li of Fig. 8B can be 
simulated with the four transconductance amplifiers 
71 to 74 and capacitor C2 of Rg. 8A. 

A still another disadvantage of orthogonal de- 
tection is that since orthogonal detection requires 
two systems for in-phase and quadrature signals its 
power consumption is larger than that of super- 
heterodyne receivers. To reduce power consump- 
tion, power supplies to one of the systems of the 
orthogonal detection receiver are cut off when the 
AFC 6 is in a hunting mode. Fig. 9 is a block 
diagram of another embodiment which employs a 
power saving circuit. This power saving circuit 
comprises a power control switch 80 which cuts off 
the power line from a power voltage source 81 to 
mixer 2. low-pass filter 7 and limiter 8 of the in- 
phase channel during the time the ramp generator 
27 of AFC 6 is in a hunting mode (the absence of a 
coincidence pulse G) and which supplies power 
during the time the ramp generator 27 is in a hold 
mode (the presence of a coincidence pulse G). 
Since the fact that ramp generator 27 is in a 
hunting mode indicates that the receives signal is 
very weak or no signals are received at all. it is 
sufficient for the receiver to operate with one chan- 
nel, i.e.. with the quadrature-channel, under such 
circumstances. The foregoing description shows 
only preferred emtXDdiments of the present inven- 
tion. Various modifications are apparent to those 
skilled in the art without departing from the scope 
of the present Invention which is only limited by the 
appended claims. Therefore, the embodiments 
shown and described are only illustrative, not re- 
strictive. 



Claims 



1. A receiver for receiving a digitally modulated 
radio frequency signal, comprising: 
a voltage-controlled oscillator for generating a local 
earner; 

5 a mixer circuit for mixing the received signal with 
said local carrier for converting the frequency of 
the received radio signal to a baseband frequency; 
a low-pass filter for filtering a baseband signal from 
said mixer circuit; 

70 a limiting amplifier connected to an output of said 
low-pass filter; 

a frequency detector coupled to an output of said 
limiting amplifier for generating a signal representa- 
tive of a deviation frequency of the received radio 
76 signal; 

ah average circuit for detecfing an average value of 
said voltage; 

a comparator circuit for detecting whether said 
frequency representative voltage lies In or outside 

20 of the neighborhood of said average value; and 

a ramp generator for periodically generating a 
ramp voltage of constant amplitude if said voltage 
is detected as lying outside of said neighborhood 
and holding said ramp voltage at an instantaneous 

25 value if said voltage is detected as lying in said 
neighborhood, said voltage-controlled crystal os- 
cillator being responsive to an output voltage of 
said ramp generator to control the frequency of 
said local carrier. 

30 2. A receiver as claimed in claim 1 . wherein 

said voltage-controlled oscillator is a voltage-con- 
trolled crystal oscillator. 

3. A receiver as claimed in claim 1. wherein 
said comparator circuit comprises: 

35 an offset circuit for establishing high and low refer- 
ence voltages respectively above and below said 
average value; and 

means for detecting when isaid signal lies in or 
outside of a range between said high and low 
40 reference voltages. 

4. A receiver as claimed in claim 1. wherein 
said frequency detector comprises an edge detec- 
tor for generating a pulse at a transition of each 
pulse supplied from said limiting amplifier, and a 

45 low-pass filter for low-pass filtering said pulse gen- 
erated by said edge detector. 

' 5. A receiver as claimed in claim 1, wherein 
said average circuit comprises a firstKjrder integra- 
tor having a time constant greater than a reciprocal 

50 of transmission rate of the received signal. 

6. A receiver as claimed in claim 1, wherein 
sdiid ramp generator is oscillated so that there is at 
least one ramp voltage during a symbol interval. 

7. A receiver as claimed in claim 6. wherein 
55 said ramis generator comprises: 

a capacitor connected to the control input of said 

voltage-controlled local oscillator; 

first and second comparators for comparing a volt- 

6 
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age developed in said capacitor with high and low 
thresholds and generating a first signal when said 
voltage is higher than the high threshold and a 
secofKl signal when said voltage is lower than the 
low threshold; . s 
a latch circuit for assuming a first logic state in 
response to said first signal and a second logic 
state in response to said second signal; 
series-connected first and second constant current 
sources respectively responsive to said first and 70 
second logic states, a junction, between said first 
and second constant current sources being coup- 
led to said capacitor for causing it tp be charged 
and discharged in response to said logic states; 
and '5 
switch means for causing said constant current 
sources to present an open circuit to said capacitor 
if said signal is detected as lying in said neighbor- 
hood. 

8. A receiver as claimed in claim 2. further 20 
comprising a phase-locked loop connected be- 
tween the output of the first voltage-controlled cry- 
stal oscillator and said phase shifter, comprising: 

a second voltage-controlled oscillator for supplying „ 
a local carrier to said phase shifter; ^5 
first and second variable frequency dividers con- 
nected respectively to outputs of the first voltage- 
controlled crystal oscillator and said second 
voltage-controlled oscillator: . 
a phase detector for detecting a difference in 30 
phase between outputs of the first and second 
variable frequency dividers: . . 
a low-pass filter for applying a filtered output of 
said phase detector to the second voltage-con- 
trolled oscillator; and , ?5 
, means for equally setting dividing factors of said 
first and second variable frequency diyidjBrs. 

9. A receiver as claimed in claim 8. wherein 
said setting means comprises a read only memory. 

10. A receiver as claimed in/claim 1, wherein aq 
each of said low-pass filters:, comprises a gyrator 
circuit and a capacitor connected to an output 
termsinal of said gyrator circuit. 

11. A receiver as claimed in clairn 10. wherein 
said gyrator circuit comprises: 

first and second transcpnductance amplifier stages, 
each having firsts and second input terminals and 
an oiitput terminal, the first input, temninal of the 
first transconductance amplifier stage being con- 
nected to .the second input terminal of 'the second so 
transconductance amplifier st^ge, and the outpirt 
terminal of the second transcpn^uc^aoce amplifier 
stage being connected to the first input terminal of 
the first transconductance amplifier stagia; 
third and fourth transconductance. amplifier stages. 55 
each having first and second input tenminals and 
an output terminal, the first input terminal of the 
third transconductance amplifier stage t>eing con- 



nected to the second input terminal of the fourth 
transconductance amplifier stage, and the output 
terminal of the fourth transconductance amplifier 
stage being connected to the first input terminal of 
the third transconductance amplifier stage and to 
the output terminal of said first transconductance 
amplifier stage, the first capacitor being connected 
to the second input of the fourth transconductemce 
amplifier stage; 

a second capacitor connected to the first input 
temninai of said third transconductance amplifier 
stage; and 

means for biasing the second input terminals of the 
first and third transconductance amplifier stages 
and biasing the first input terminals of the second 
and fourth transconductance amplifier stages. 

12. A receiver for receiving a frequency shift 
keyed (FSK) signal on a radio-frequency carrier, 
comprising: 

first and second channel paths to which the re- 
ceived FSK signals are applied, each channel path 
including a mixer circuit, a low-pass filter con- 
nected to the mixer circuit, and a limiting amplifier 
connected to the low-pass filter; 
a voltage-controlled crystal for generating a local 
carrier; 

a phase shifter for applying the local carrier to the 
mixer circuits with a 90* phase difference there- 
between; 

a frequency detector coupled to one of the limiting 
' amplifiers for generating a signal representative of 
a deviation frequency of the received FSK signal; 
an average circuit for detecting an average value of 
said voltage; 

a comparator circuit for detecting whether said 
frequency representative voltage lies in or outside 
of the neighborhood of said average value; and 
a ramp generator for periodically generating a 
ramp voltage of constant amplitude if said voltage 
is detected as lying outside of said neighborhood 
and holding said ramp voltage at an instantaneous 
value if said voltage is detected as tying In said 
neighborhood, said voltage-controlled crystal os- 
cillator l)elng responsive to an output voltage of 
said ramp generator to control the frequency of 
said local carrier. 

13. A receiver as claimed in claim 12, wherein 
said voltage-controlled oscillator is a voltage-con- 
trolled crystal oscillator, 

14. A receiver as claimed in claim 13, wherein 
said comparator circuit comprises: 

an offset circuit for establishing high and low refer- 
ence voltages respectively aboVe and below said 
average value; and 

means for detecting whether said signal lies in or 
outside of a range between said high and low 
reference voltages. 

15. A receiver as claimed in claim 13, wherein 
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said frequency detector comprises an edge detec- 
tor for generating a pulse at a transition of each 
pulse supplied from one limiting amplifier, and a 
iow-pass filter for low-pass filtering said pulse gen- 
erated by said edge detector. 

16. - A receiver as claimed in claim 13. wherein 
said average circuit comprises a first-order integra- 
tor having a time constant greater than a reciprocal 
of transmission rate of the received signal. 

17. A receiver as claimed in claim 13, wherein 
said ramp generator is oscillated so that there is at 
least one ramp voltage during a symbol interval. 

18. A receiver as claimed in claim 17. wherein 
said ramp generator comprises: 

a capacitor connected to the control input of said 
voltage-controlled local oscillator; 
first and second comparators for comparing a volt- 
age developed in said capacitor with high and low 
thresholds and generating a first signal when said 
voltage is higher than the high threshold and a 
second signal when said voltage is lower than the 
low threshold; 

a latch circuit for assuming a first logic state in 
response to said first signal and a second logic 
state in response to said second signal; 
series-connected first and second constant current 
sources respectively responsive to said first and 
second logic states, a junction between said first 
and second constant current sources being coup- 
led to said capacitor for causing it to be respec- 
tively charged and discharged in response to said 
logic states; and 

switch means for causing said constant current 
sources to present an open circuit to said capacitor 
if said signal is detected as lying in said neighbor- 
hood. 

19. A receiver as claimed in claim 14, further 
comprising a phase-locked loop connected be- 
tween the output of the first voltage-controlled cry- 
stal oscillator and said phase shifter, comprising: 

a second voltage-controlled oscillator for supplying 
a local canier to said phase shiften 
first and second variable frequency dividers con- 
nected respectively to outputs of the first voltage- 
controlled crystal oscillator and said second 
voltage-controlled oscillator; 
a phase detector for detecting a difference in 
phase between outputs of the first and second 
variable frequency dividers; 

a low-pass filter for applying a filtered output of 
said phase detector to the second voltage-con- 
trolled oscillator; and 

means for equally setting dividing factors of said 
first and second variable frequency dividers. 

20. A receiver as claimed in claim 19. wherein 
said setting means comprises a read only memory. 

21. A receiver as claimed in claim 13, wherein 
each of said low- pass filters comprises a gyrator 



circuit and a capacitor connected to an output 
terminal of said gyrator circuit. 

22. A receiver as claimed in claim 21. wherein 
said gyrator circuit comprises: 

5 first and second transconductance amplifier stages, 
each having first and second input terminals and 
an output terminal, the first input terminal of the 
first transconductance amplifier stage being con- 
nected to the second input terminal of the second 

10 transconductance amplifier stage, and the output 
terminal of the second transconductance amplifier 
stage being connected to the first input terminal of 
the first transconductance amplifier stage; 
third and fourth transconductance amplifier stages, 

75 each having first and second input terminals and 
an output termsinaJ. the first input terminal of the 
third transconductance amplifier stage being con- 
nected to the second injDut terminal of the fourth 
transconductance amplifier stage, and the output 

20 terminal of the fourth transconductance amplifier 
stage being connected to the first input terminal of 
the third transconductance amplifier stage and to 
the outut terminal of said first transconductance 
amplifier stage, the first capacitor being connected 

25 to the second input of the fourth transconductance 
amplifier stage; 

a second capacitor connected to the first input 
terminal of said third transconductance amplifier 
stage; and 

30 means for biasing the second input terminals of the 
first and third transconductance amplifier stages 
and biasing the first input terminals of the second 
and fourth transconductance amplifier stages. 

23. A receiver as claimed in claim 13. further 
35 comprising a power saving circuit for cutting off 

power supplies to one of said channel paths if said 
signal is detected as lying outside of the neighbor- 
hood of said average value. 

24. A receiver for receiving a frequency shift 
40 keyed (FSK) signal on a radio-frequency carrier. 

comprising: 

first and second channels paths to which the re- 
ceives FSK signal is applied, said first and second 
channel paths including respecfively first and sec- 
45 ond mixer circuits, first and second low-pass filters 
respecfively connected to the first and second mix- 
er circuits, and first and second limifing amplifiers 
respectively connected to the first and second low- 
pass filters; 

60 voltage-controlled oscillator means for generating a 
local carrier; 

phase shifter means for applying the local carrier to 
the first and second mixer circuits with a 90* 
phase difference therebetween; 
55 frequency control means connected to said first 
limiting amplifier for detecting frequency fiuctu- 
ations in said local carrier with respect to frequency 
of the received FSK signal to generate a control 
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signal representative of said frequency fluctuations 
and supplying said control signal to said oscillator 
means to remove said frequency fluctuations; and 
demodulator means coupled to said first and sec- 
ond limiting amplifiers for demodulating said re- s 
ceived FSK signal to produce a demodulated sig- 
nal. 

25. A receiver as claimed in claim 24, further 
comprising local < carrier . frequency setting means 
connected to the output of said frequency control io 
means for setting the frequency of said local carrier 

of said voltage-controlled oscillator means substan- 
tially at the frequency of said FSK signal. 

26. A receiver as claimed in claim 24, further 
comprising power saving circuit mans for cutting is 
off power supplies to the circuits on said second 
channel path when said frequency control means is 

in a hunting mode. 

27. A receiver for receiving a frequency shift 
keyed (FSK) signal on a radio-frequency carrier. 20 
comprising:: 

first and second channel paths to which the re- 
ceived FSK signal are applied, each channel path 
including a mixer circuit, a low-pass filter con- 
nected to the mixer circuit, and a limiting amplifier 25 
connected to the low-pass filter, said.lo-pass filter 
comprising a gyrator circuit and a capacitor con- 
nected to the output of said gyrator circuit* 
a voltage-controlled crystal oscillator for generating . 
a local carrier; , 30 
a phase shifter for applying the local carrier to the 
mixer circuits with a 90* phase difference there- 
between; and 

a demodulator coupled to. the output of said limiting 
amplifiers of said first and second channel paths 35 
for demodulating said received FSK .signal to pro- 
duce a demodulated signal. 
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@ An FSK receiver includes first and second chan- 
nel paths to wliich the received FSK signals are 
applied. Eacli channel path includes a rnixer circuit, 
a low-pass filter connected to the mixer circuit, and a 
limiting amplifier connected to the low-pass filter. A 
voltage-controlled oscillator generates a local carrier 
and a phase shifter applies its output to the mixer 
circuits with a 90* phase difference therebetween. A 
frequency detector is coupled to one of the limiting 
amplifiers for generating a signal representative of 
the deviation frequency of the received FSK signal. 
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An average circuit detects an average value of the 
signal. A comparator circuit detects whether the fre- 
quency representative signalMies in or outside of the 
neighborhood of the average value. A ramp voltage 
of constant amplitude is periodically generated if the 
signal is detected as lying outside of the neighbor- 
hood and maintained at an instantaneous value if the 
sigrial is detected as lying in the neighborhood. The 
voltage-controlled oscillator is responsive to the 
ramp generator to control the frequency of the local 
carrier in search of the transmitted carrier frequency. 
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